Background: Current evidence regarding the efficacy of ethanol locks in preventing catheter-related bloodstream infection (CRBI) is inconclusive. Methods: Electronic databases, including PubMed, Web of Science, Embase, and the Cochrane Library (until April 2018),were systematically searched for relevant studies. Two reviewers independently screened the retrieved records and identified RCTs that met the inclusion criteria. Relevant data were extracted for pooled analyses using Review Manager 5.3 software. Subgroup analysis was performed according to the study quality, duration of the ethanol lock, disease type and CRBI definition. Eggs' method was applied to detect publication bias. Sensitivity analysis was conducted to check the stability of the meta-analysis results. Results: Ten RCTs involving 2760 patients were included in the analysis. The overall pooled result indicated that ethanol locks significantly reduced the incidence of CRBI (RR 0.66, 95% CI 0.51-0.86). Subgroup analysis suggested that an ethanol lock significantly decreased the incidence of CRBI in patients with hematological diseases (RR 0.50, 95% CI 0.31-0.80). An ethanol lock significantly reduced the incidence of CRBI in a2-hour ethanol lock group (RR 0. 49, 95% CI 0.33-0.73). The meta-analysis showed that an ethanol lock significantly reduced the incidence of CRBI according to analysis of high-(RR 0.66, 95% CI 0.47-0.94) or low-(RR 0.66, 95% CI 0.46-0.95) quality studies. Metaanalysis of studies with a strict CRBI definition showed that an ethanol lock can significantly prevent CRBI (RR 0.61, 95% CI 0.42-0.89). The results of sensitivity analysis suggested that the pooled result was stable. Meta-analysis of adverse events showed that an ethanol lock did not increase the incidence of thrombosis (RR 1.05, 95% CI 0.51-2. 18) or mortality (RR 0.99, 95% CI 0.90-1.08) but did result in increased nausea (RR 1.54, 95% CI 1.01-2.35), dizziness (RR 4.21, 95% CI 2.40-7.39),elevated blushing rates (RR 3.27, 95% CI 2.05-5.22) and altered taste rates (RR 2.61, 95% CI 1.93-3.54). Conclusions: An ethanol lock may play a role in the prevention of CRBI, especially in immunocompromised patients with hematological diseases.
Background
Tunneled central venous catheters(CVCs) are widely used for long-term venous access to deliver blood and its products, chemotherapy and parenteral nutrition [1] . However, despite improved international guidelines on CVC placement and catheter care, the use of CVCs carries a high risk of developing catheter-related bloodstream infection (CRBI) [2] . Furthermore, CRBIs are related to increased healthcare costs, morbidity, hospitalization and death [3] .
There are many ways to reduce CRBIs, including antimicrobial lock solutions, catheter care procedures, and agents that reduce nasal colonization of Staphylococcus aureus, and one meta-analysis showed that antimicrobial lock solutions significantly reduce the risk of CRBI [4] . Overall, ethanol locks are considered a promising lock solutions because they are inexpensive, universally available, and effective against a broad spectrum of bacteria and fungi [5] . Nevertheless, study results to date on ethanol locks are controversial.
For example, Bertrand Souweine et al. observed that a 2-min ethanol lock does not decrease the frequency of infection of dialysis catheters(DCs) in intensive care unit (ICU) patients [6] . A randomized pilot study showed that a 30% ethanol/4% sodium citrate appears to prevent CRBI and may improve catheter survival compared to heparin [7] , and a randomized controlled multi-center trial showed that ethanol locks can prevent CRBI in pediatric oncology patients [8] . However, ethanol lock therapy has not been observed to affect patients after major heart surgery (MHS) [9] .
Here, we present the results of a meta-analysis to investigate the association between ethanol locks and CRBI.
Methods
This study was performed according to the preferred reporting items of the systematic review and meta-analysis (PRISMA) guidelines.
Systematic search strategy
We conducted an electronic search of the PubMed (1966 to April2018), Embase (1974 to April2018), Science Citation Index (1974 to April 2018) and Cochrane (April 2018) databases for relevant studies on the efficacy of ethanol locks in preventing CRBI. The two keywords used to search the above electronic databases were 'ethanol lock' and 'infection.' All reference sections of eligible studies were hand-reviewed for potential inclusion, and no limits on language were imposed.
Eligibility criteria
We included studies if they met the following criteria:
(1) study participants were patients with indwelling central venous catheters,(2) the intervention group received ethanol locks and the control group heparin/ NaCl locks, and (3) the studies were randomized controlled trials (RCTs).
Study selection and data extraction
Two reviewers independently screened and assessed titles and abstracts to confirm whether the inclusion criteria were met. Data, including study characteristics (title, publication time, and sample size), detailed information in the PICOS approach (participant, intervention, comparison, outcomes, and study design), and other characteristics, were extracted by two authors using standard data extraction forms. Where necessary, the authors of the original studies were contacted for missing information.
Methodological quality assessment
The Cochrane Collaboration tool for assessing the risk of bias was used to evaluate the methodological quality of each included RCT. There were seven items for assessing bias including random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) and other biases. Each item was categorized as a low risk of bias, an "unclear" (either lack of information or uncertainty about the potential for bias) risk of bias, or a high risk of bias under the guidelines in the Cochrane Handbook.
Data synthesis and analysis
The meta-analysis was performed using Review Manager 5.3 software based on PRISMA guidelines. Heterogeneity was assessed by examining the clinical characteristics of the included studies and by formal statistical χ 2 and I 2 tests. For main outcomes (incidence of CRBI), Mantel-Haenszel estimates with a random-effects analytical model (due to the considered between-trial heterogeneity) were used to calculate relative risks (RRs) and their 95% confidence intervals (CIs). The funnel plot methods of Egger's test were used to assess publication bias. We performed subgroup analysis according to study quality, duration of the ethanol lock, disease type and CRBI definition. Sensitivity analysis was conducted to determine the stability of the meta-analysis results using Stata 12.0 software.
Results

Characteristics of the included studies
The initial results of databasesearchingproduced461 records and 10 studies [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] that met the inclusion criteria and were ultimately included after screening and reviewing by the authors. The selection flowchart is shown in Fig. 1 . Reasons for the exclusion of 36 studies in the literature screening process are presented in Additional file 1.
The characteristics of the 10 included trials are listed in Table 1 . A total of 2760 patients were included in the meta-analysis, among whom1396recei-vedanintervention with ethanol locks. Three studies [10, 11, 16] included only patients with hematological diseases, and 4 included hemodialysis patient [6, 7, 13, 15] . Pediatric oncology patients were included only in one study [8] , and the remaining two studies involved home parenteral nutrition patients [12] or those after major heart surgery [9] .
Risk of bias
There were seven studies [6-8, 10-13] that were considered to have a low risk of bias for "Random sequence generation" and "Allocation concealment." "Blinding of participants and personnel" was judged to have a low risk of bias in five studies [6, 8, [10] [11] [12] and a high risk in two studies [7, 13] . There was only one study that was deemed to have a low risk of bias for the item "Blinding of outcome assessment" [11] . For "Incomplete outcome data", six studies had a low risk of bias [6, 7, [10] [11] [12] [13] and three a high risk [8, 14, 16] . There were seven studies [7, 8, 10, 11, 13, 14, 16] that could be judged as having a low risk of bias in the item "selective reporting." The risk of bias assessment results are shown in Fig. 2 .
CRBI
Definitions of CRBI among the included studies are shown in the Table 1 , and a positive blood culture was necessary to diagnose CRBI [17, 18] . All included studies reported the incidence of CRBI. The total pooled results showed that there was a significant difference between ethanol locks and conventional catheter-care (RR 0.66, 95% CI 0.51 to 0.86), without significant heterogeneity (I 2 = 16%, Fig. 3 ). The pathogens involved in the reported infections are shown in Table 2 .
Subgroup analysis showed that an ethanol lock can reduce the incidence of CRBI in patients with hematological diseases (RR 0.50, 95% CI 0.31 to 0.80, I 2 = 0%, Fig. 3 ). There was no significant difference between ethanol lock and conventional catheter care groups (RR 0.87, 95% CI 0.59 to 1.27) among hemodialysis patients, without significant heterogeneity (I 2 = 0%, Fig. 3 ). In addition, an ethanol lock was more effective than traditional controls at preventing CRBI in pediatric oncology patients (RR 0.56, 95% CI 0.31 to 0.98, Fig. 3 ). Meta-analysis of high-quality studies (random sequence generation, allocation concealment and blinding of participants and personnel in the study can be evaluated as low risk) showed that an ethanol lock significantly reduced CRBI in patients with central venous catheters (RR 0.66, 95% CI 0.47to 0.94),and meta-analysis of low-quality studies also suggested a significant difference in the incidence of CRBI between ethanol lock and control groups (RR 0.66, 95% CI 0.46to 0.95) (Fig. 4) . Subgroup analysis indicated that there was a significant difference between 2-h ethanol lock and conventional catheter care groups (RR 0.49 95% CI 0.33 to 0.73), without significant heterogeneity (I 2 = 0%, Fig. 5 ). There was no significant difference between less than 20-min ethanol lock and conventional catheter care groups (RR 0.84, 95% CI 0.59 to 1.19), again without significant heterogeneity (I 2 = 0%, Fig. 5 ), or48-hour ethanol lock and conventional catheter care groups (RR 1.29, 95% CI 0.37 to 4.47).Meta-analysis of studies with a strict CRBI definition revealed that an ethanol lock can significantly prevent CRBI (RR 0.61, 95% CI 0.42-0.89),though pooled analysis of studies with a less strict CRBI definition suggested no significant change in the incidence of CRBI between ethanol lock and control lock groups (RR 0.65, 95% CI 0.39-1.07) (Fig. 6) .
Sensitivity analysis results showed that the results were relatively consistent (Fig. 7) , and no obvious publication bias was detected, as based on Eggers' funnel plots (Fig. 8) .
Adverse events
The results of meta-analysis involving adverse events are depicted in Fig. 7 . An ethanol lock did not significantly increase the incidence of a thrombus (RR 1.05, 95% CI 0.51 to 2.18) or mortality (RR 0.99, 95% CI 0.90 to 1.08) but did increase nausea (RR 1.54, 95% CI 1.01 to 2.35), dizziness (RR 4.21, 95% CI 2.40 to 7.39), and blushing (RR 3.27, 95% CI 2.05 to 5.22) and altered taste (RR 2.61, 95% CI 1.93 to 3.54) (Fig. 9) . 
Discussion
Our meta-analysis first identified the efficacy of ethanol locks in preventing CRBIs. We found that ethanol locks significantly reduced the incidence of CRBI (RR 0.66, 95% CI 0.51-0.86). Subgroup analysis suggested that an ethanol lock significantly decreased CRBI incidence in patients with hematological diseases (RR 0.50, 95% CI 0.31-0.80), and a meta-analysis that only included high-quality studies showed that an ethanol lock significantly reduced CRBI incidence (RR 0.64, 95% CI 0.46-0.91). A 2-h ethanol lock diminished the frequency of CRBI, but a shorter (less than 20 min) ethanol lock did not decrease infection risk. Additionally, a meta-analysis of studies with strict CRBI definitions showed that an ethanol lock can significantly prevent a CRBI. Although an ethanol lock did not significantly increase thrombus and mortality rates, it did increase certain adverse reactions, such as nausea, dizziness, blushing and altered taste, in patients.
Tunneled CVCs are used for long-term venous access to deliver blood and blood products, chemotherapy and parenteral nutrition. The prevalence of CRBI is high in patients with indwelling CVCs, which also leads to a severe result [19] , and internal colonization in long-term tunneled CVCs more frequently contributes to bacteremia [20, 21] . Many methods have been employed to prevent catheter-related sepsis, including the use of cutaneous antisepsis at the time of insertion, catheter tunneling, intraluminal antibiotic locks, antiseptic hubs and anti-microbial coating of catheters [22, 23] . However, these methods may fail to decrease the risk of infection and may instead increase the risk of hypersensitivity and development of anti-microbial resistance. Ethanol-based catheter locks may provide a better alternative because ethanol is a widely used antiseptic with no known acquired resistance [24] . A meta-analysis of observational studies found that ethanol locks are effective alternatives to heparin locks for preventing CRBI in pediatric patients with intestinal failure [25] , with the ethanol lock dwell time ranging from more than 2 h per day to 4 h 3 days per week.
To the best of our knowledge, this report describes the first meta-analysis of RCTs to investigate the efficacy of ethanol locks in the prevention of CRBI. Ten RCTs were included in our meta-analysis, and the high quality of the included studies enhances current evidence. Moreover, we performed subgroup analysis based on differences in study quality, duration of the ethanol lock and disease type. Three studies reported the incidence of CRBI in patients with hematological diseases whose immune system was suppressed, and pooled analysis of these three studies suggested that an ethanol lock significantly reduces CRBI in immunosuppressed patients. Despite no significant difference according to the subgroup analysis in CRBI in hemodialysis patients, immune status or homeostasis may have an effect on the incidence of CRBI with an ethanol lock, which can result in bias among studies. In addition, to exclude bias by differences in study quality, subgroup analysis of relative high-quality or low-quality studies was performed, and the results suggested that an ethanol lock can significantly reduce CRBI risk. However, our definition of high-quality study was different from the Cochran high-quality trial definition; the latter requires all seven domains of the risk of bias assessment tool to be at "low risk of bias". Consequently, our subgroup analysis results regarding study quality are not very accurate. More high-quality studies that meet the Cochran definition are needed.
Three studies reported that the CVCs were locked with ethanol for 2 min, 15 min, and 20 min. The incidences of CRBI in these studies were determined by pooled analysis, though the short time frame for the ethanol lock did not effectively prevent CRBIs. In addition, the follow-up times were only 48 h, or shorter in the study by Bertrand et al., who used a 2-min ethanol lock. In combination with the low incidence of CRBI in that study, this situation might have contributed to the low efficiency in calculating a difference. In the remaining two studies, ethanol locks exhibited a tendency to prevent CRBIs, though without statistical significance. Interestingly, our findings showed that a 2-h ethanol lock (2-h duration of the lock) significantly decreased the frequency of CRBI. The preferable baseline similarity in the included four studies with a 2-h ethanol lock also enhanced the reliability of our meta-analysis results. Raadet al. found that prolonged exposure to lock solutions containing 25% ethanol in ethylenediaminetetraacetic acid (EDTA) can effectively enhance antibacterial activity in the silicone disk biofilm colonization model [26] . We did not find that a 48-h or 6-month lock can effectively prevent CRBI in our meta-analysis, and this may be due to their smaller size.
The strict definition of CRBI is such that clinical symptoms are not included and only blood culture results are used. Interestingly, meta-analysis of the studies with a strict CRBI definition showed that an ethanol lock can significantly prevent CRBI; however, this was not the result of pooled analysis of studies with a less strict CRBI definition. This finding may be the reason why a less strict CRBI definition reduced the sample weight. Because there was one study that included pediatric patients, the subgroup analysis on age was achieved by sensitivity analysis. Sensitivity analysis showed the results of pooled analysis were relatively stable. Statistical significance was lost when the trial by Reineke et al. was removed, which was due to the large sample size (307) of the study, resulting in its larger weight in the pooled result. It is noteworthy that an ethanol lock did not reduce the incidence of mortality, but there was a notable lack of mortality data in most of the trials. No obvious publication bias was detected, enhancing the value of the meta-analysis results. In addition, based on data of the pathogens involved in the infections, we determined that Staphylococcus has an important role as a cause of CRBI. 
